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Pathological Regression by Angiotensin I1
Type 1 Receptor Blockade in Patients with
Mesangial Proliferative Glomerulonephritis

Takayasu OHTAKEDY, Machiko OKA", Kyoko MAESATOVY, Tsutomu MANOY,
Ryota IKEEY, Hidekazu MORIYAY, and Shuzo KOBAYASHI"

Although angiotensin Il type 1 receptor blocker (ARB) therapy reduces proteinuria and retards the progres-
sion of renal injury in patients with glomerulonephritis, whether these drugs actually ameliorate pathological
damages in human glomerulonephritis has not been determined. Fifteen patients with biopsy-proven mild-
to-moderate mesangial proliferative glomerulonephritis (10 with immunoglobulin A [IgA] nephropathy and 5
with non-IgA mesangial proliferative glomerulonephritis) received ARB monotherapy. In these patients,
repeated renal biopsy was performed after a mean of 28.1 months, and pathological changes (including the
mesangial matrix expansion ratio and interstitial fibrosis expansion ratio) were quantitatively examined
using an image analyzer. Clinical markers were also evaluated, including the serum creatinine, serum IgA,
creatinine clearance (Ccr), 24-h urinary protein excretion, urinary N-acetyl-B8-D-glucosaminidase (NAG), and
blood pressure. ARB therapy significantly reduced urinary protein excretion (0.68+0.63 to 0.20+0.32 g/day,
p=0.016) and the blood pressure (systolic: 133.3+18.2 to 123.4+10.5 mmHg, p=0.041; diastolic: 79.4+11.9
to 72.0+8.2 mmHg, p=0.038). Although the global glomerular sclerosis ratio was unchanged (6.3+8.5% to
10.7+16.1%, p=0.33), the mesangial matrix expansion ratio (33.1+10.8% to 22.7+7.8%, p=0.001) and the
interstitial fibrosis ratio (19.9+5.8% to 13.8+4.4%, p=0.034) were significantly reduced by ARB treatment.
The levels of pathological improvement were similar between patients with IgA nephropathy and those with
non-IgA mesangial proliferative glomerulonephritis. The results of the present study strongly suggest that
ARB monotherapy can significantly reverse pathological changes, including mesangial matrix expansion
and interstitial fibrosis, in human glomerulonephritis. (Hypertens Res 2008; 31: 387-394)
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Introduction

Angiotensin II type 1 receptor blocker (ARB) therapy has a
renoprotective effect in many experimental animal models,
including partial nephrectomy models (/—8) and glomerulo-
nephritis models (9—117). Although ARBs lower blood pres-
sure, a renoprotective effect of ARBs has been demonstrated
in both hypertensive and normotensive renal injuries, and is

thought to be one of the “beyond blood pressure-lowering”
effects. Thus, ARB therapy is one of the most promising ways
to slow the progression of chronic renal damage.

Although experimental studies using animal models and/or
cells have established the benefits of ARBs, the advantages of
ARB therapy in the clinical setting are still being docu-
mented. ARBs reduce proteinuria and improve the clinical
course in patients with immunoglobulin A (IgA) nephropathy
(12-14), type 2 diabetic nephropathy (/5—18), and focal seg-
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Table 1. Basic Characteristics of 15 Patients with Mesangial Proliferative Glomerulonephritis

Total IgA-GN Non-IgA-GN
(n=15) (n=10) (n=5)

Age (years) 51.3£13.1 53.0£13.5 48.0+12.7
Sex (male/female) 11/4 8/2 3/2
Urea nitrogen (mg/dL) 15.5+4.5 15.6t£5.4 15.2£5.1
Creatinine (mg/dL) 0.92+0.23 0.96+0.20 0.81+0.31
Cer (mL/min/1.73 m?) 91.3+25.2 87.6£21.9 102.6+36.5
Serum IgA (mg/dL) 308.1£133.0 353.9£138.6 216.6+£61.9*
Urinary protein excretion (g/day) 0.68+0.63 0.64%0.64 0.73£0.60
Grade of hematuria 0.97£0.92 0.95+0.83 1.00£1.20
Urinary NAG (U/L) 8.0£7.5 7.1+8.1 10.3+6.3
Blood pressure (mmHg)

Systolic 133.2+18.2 137.8+19.1 119.0£2.6

Diastolic 79.4£11.9 79.0£13.1 80.5£10.6
Duration between two biopsy (months) 28.1£15.5 28.1£14.0 28.2%£19.9
Angiotensin receptor blocker (1)

Losartan 10 7 3

Valsartan 4 3 1

Telmisartan 1 0 1
Fasting blood glucose (mg/dL) 100.1£13.1 101.7£16.6 97.414.3
Total cholesterol (mg/dL) 197.5+26.7 196.6+£27.1 199.7+29.8
HDL-cholesterol (mg/dL) 49.0£10.5 522%11.5 43.8+6.8
LDL-cholesterol (mg/dL) 111.8£24.7 115.4+23.8 104.7£28.5
Triglyceride (mg/dL) 148.9+53.4 152.4+22.1 140.7+23.0
Body mass index (kg/m?) 229+1.9 22.3+1.7 24.5+1.3

GN, glomerulonephritis; Ccr, creatinine clearance; IgA, immunoglobulin A; NAG, N-acetyl-B-D-glucosaminidase; HDL, high-density

lipoprotein; LDL, low-density lipoprotein. »p<<0.05 vs. IgA-GN.

mental glomerulosclerosis (/9). However, it is unclear
whether or not ARB therapy actually induces pathological
improvement in patients with glomerulonephritis, as it does in
experimental animal models of renal injury.

Accordingly, the purpose of this study was to verify the
influence of ARB therapy on pathological changes in patients
with mesangial proliferative glomerulonephritis along with
its clinical effects.

Methods

Patients

A total of 289 patients underwent renal biopsy over 4 years
from October 1999 to September 2003 at our renal division.
Among these patients, 57 were diagnosed as having IgA
nephropathy (IgA-GN) and 42 patients had non-IgA mesan-
gial proliferative glomerulonephritis (non-IgA-GN). Non-
IgA-GN was diagnosed when biopsy findings fulfilled the
following criteria: 1) mesangial matrix and/or cell prolifera-
tion, and 2) no dominant IgA deposition in the mesangial area
by immunofluorescent microscopy. Patients with systemic
and/or secondary diseases such as systemic lupus nephritis

with mesangial proliferation were excluded from this study
population. Exclusion criteria for this study were as follows:
pregnancy, malignancy, systolic blood pressure <100 mmHg,
systolic blood pressure >180 mmHg that could not be con-
trolled by ARB monotherapy, creatinine clearance (Ccr) <30
mL/min/1.73 m?, and proteinuria >3 g/day. Thus, among the
99 patients with mesangial proliferative glomerulonephritis,
15 patients with mild-to-moderate mesangial matrix prolifer-
ation (10 patients with [gA-GN and 5 patients with non-IgA-
GN) fulfilled the above criteria, and all 15 patients received
ARB monotherapy after giving written informed consent.
ARB was initiated in all 15 cases within 4 weeks after renal
biopsy. ARB therapy consisted of losartan (100 mg/day) in 10
patients, valsartan (80 mg/day) in 4 patients, and telmisartan
(40 mg/day) in 1 patient (Table 1). These ARB medications
were not changed during the follow up period, and other ther-
apy such as protein restriction and/or anti-platelet drug
administration was not done during this study. All of the
patients repeatedly underwent the second renal biopsy after a
mean of 28.1+£15.5 months to evaluate pathological changes
(including the glomerular sclerosis ratio, mesangial matrix
proliferation ratio, and interstitial fibrosis ratio) along with
evaluation of their clinical characteristics.
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Laboratory and Clinical Parameters

The laboratory and clinical parameters examined at the time
of the first and second renal biopsy included the serum creat-
inine (mg/dL), serum IgA (mg/dL), grade of hematuria, 24-h
urinary protein excretion (g/day), urinary N-acetyl-B-D-glu-
cosaminidase (NAG) excretion (U/L), Cer (mL/min/1.73 m?),
and blood pressure (mmHg). Ccr was calculated from 24-h
urinary creatinine excretion and serum creatinine level.
Hematuria was scored as negative, 0; +, 0.5; +, 1; ++, 2; and
+++, 3.

Histological Evaluation

Renal biopsy was done under ultrasonographic guidance
using a Bard® Monopty® biopsy instrument (Medicon Co.,
Ltd., Osaka, Japan). The 18-gauge biopsy needle had a 17
mm notch for tissue sampling at the top of the needle, and
puncture of the kidney was usually done three times. Thus,
three cores of renal tissue specimen were obtained in each
patient. Renal biopsy specimens were fixed in 10% paraform-
aldehyde and embedded in paraffin. Then sections (2 pum
thick) were cut and stained with periodic-acid-Schiff (PAS)
stain and Masson’s trichrome stain for morphological assess-
ment. The number of glomeruli on light microscopy in each
patient ranged from 15 to 26, thus enabling a sufficient eval-
uation for histological changes of glomeruli and tubulointer-
stitium. The histological control was provided by renal biopsy
specimens from 4 age-matched patients (3 men and 1 woman,
mean age of 46.7+7.8 years) with minor glomerular abnor-
malities. Histological evaluation was done by two indepen-
dent nephrologists who did not have any information about
the patients. The scores of the global glomerular sclerosis
index, mesangial matrix expansion ratio, and interstitial fibro-
sis ratio, before and after the ARB treatment in each patient,
were calculated as the means of the values obtained by two
nephrologists.

Global Sclerosis Index

The number of glomeruli with global sclerosis was counted
on a PAS-stained section and divided by the total number of
glomeruli to calculate the glomerular sclerosis ratio (%).

Mesangial Matrix Expansion Ratio

An image analyzer (Image-Pro® Plus software; Media Cyber-
netics, Silver Spring, USA) was used for evaluation of the
mesangial matrix area and glomerular tuft area. The PAS-
positive mesangial matrix area was calculated at a magnifica-
tion of X200. Mesangial matrix expansion was expressed by
calculating the ratio of the mesangial matrix area to the glo-
merular tuft area. Briefly, a photograph of a PAS-stained
glomerulus was viewed on a computer display, and the “area
ratio” was selected from the “measure” menu. Then the PAS-
positive mesangial matrix area was selected. The “area of
interest” was drawn freely along the capillary walls of the glo-

merular tuft, after which the mesangial matrix area/glomeru-
lar tuft area ratio could be calculated. In each patient, all of
the glomeruli without global sclerosis were examined, and the
mean mesangial matrix expansion ratio (%) was calculated.

Interstitial Fibrosis Expansion Ratio

The interstitial fibrosis area was also evaluated by image
analysis. Using Masson-trichrome—stained sections of biopsy
specimens, the blue-stained area of interstitial fibrosis was
calculated at a magnification of X100 by the method
described above. Then the interstitial fibrosis expansion ratio
was calculated as the interstitial fibrosis area divided by the
tubulointerstitial area (the glomeruli and large vessels were
excluded from the tubulointerstitial area). Five renal cortical
areas were randomly selected in each patient and the mean
interstitial fibrosis expansion ratio (%) was calculated.

Statistical Analysis

Results are presented as the means+SD. The group mean val-
ues were compared by two-tailed Wilcoxon #-test or Mann-
Whitney U-test. Stat View 5.0 Software for Windows (SAS
Institute, Cary, USA) was employed for data analysis on a
personal computer, and values of p<0.05 were considered
statistically significant.

Results

Patients

The clinical characteristics of the patients at the time of
enrollment in the study are summarized in Table 1. There
were 11 men and 4 women with a mean age of 51.3+13.1
years. Serum creatinine was 0.92+0.23 mg/dL (range: 0.7—
1.3 mg/dL) and Ccr was 91.3+25.2 mL/min/1.73 m? (range:
56.5-114.7 mL/min/1.73 m?). Twenty-four hour urinary pro-
tein excretion was 0.68+0.63 g/day (range: 0.3-2.3 g/day).
The serum IgA level for all patients was 308.1+133.0 mg/dL
(range: 124—640 mg/dL). The serum IgA level of IgA-GN
patients was significantly higher than that of non-IgA-GN
patients (353.9+138.6 vs. 216.6+61.9 mg/dL) at the start of
the study.

Effects of ARB Treatment

As shown in Table 2, overall urinary protein excretion was
significantly reduced by ARB treatment (from 0.68+0.63 to
0.20%0.32 g/day, p=0.016). ARB therapy also significantly
lowered the systolic blood pressure (from 133.3+18.2 to
123.4+10.5 mmHg, p=0.041) and the diastolic blood pres-
sure (from 79.4+11.9 to 72.0+8.2 mmHg, p=0.038). The
improvements of urinary protein excretion and blood pressure
were equally observed in IgA-GN and non—IgA-GN patients.
Although urea nitrogen showed a significant increase from
15.6+5.4 to 17.7£5.2 mg/dL (p<0.05) in IgA-GN patients,
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Table 2. Laboratory and Clinical Change by ARB Treatment

Total IgA-GN Non-IgA-GN
(n=15) (n=10) (n=5)
Urea nitrogen (mg/dL) Pre 15.5+4.5 15.61£5.4 15.2£5.1
Post 17.1£5.5 17.7+5.2° 15.7+6.4
Creatinine (mg/dL) Pre 0.92£0.23 0.96+0.20 0.81+0.31
Post 0.92+0.21 0.95+0.20 0.82+0.26
Cer (mL/min/1.73 m?) Pre 91.3+25.2 87.6£21.9 102.6+36.5
Post 96.8+27.5 92.2+25.7 110.4£33.7
Serum IgA (mg/dL) Pre 308.1£133.0 353.9£138.6 216.6+£61.9
Post 299.0+113.3 332.7£129.7 238.4+31.3
Urinary protein (g/day) Pre 0.68+0.63 0.64%0.64 0.73£0.60
Post 0.20+0.32¢ 0.21+0.33¢ 0.17+0.30*
Grade of hematuria Pre 0.97+0.92 0.95+0.83 1.00£1.20
Post 0.50+0.63 0.55+0.50 0.40+0.90
Urinary NAG (U/L) Pre 8.0£7.5 7.1£8.1 10.3+6.3
Post 5.4%5.5 6.416.2 2.7+1.0
Blood pressure (mmHg)
Systolic Pre 133.3£18.2 137.8+19.1 119.0£2.6
Post 123.4+10.5 125.949.6 113.3£10.6
Diastolic Pre 79.4£11.9 79.0£13.1 80.5£10.6
Post 72.0+8.2* 74.4+8.4 66.5+4.4

ARB, angiotensin II type 1 receptor blocker; IgA, immunoglobulin A; GN, glomerulonephritis; Ccr, creatinine clearance; NAG, N-
acetyl-B-D-glucosaminidase. ®p<0.05 vs. pretreatment value.

Table 3. Pathological Change by ARB Treatment

Total IgA-GN Non-IgA-GN Control
(n=15) (n=10) (n=5) (n=4)

Mesangial proliferation ratio (%)  Pre 33.1£10.8° 32.84£9.3° 33.8+14.4° 11.6+£2.8
Post 22.747.8% 23.7+8.3b¢ 19.2+5.90¢

Interstitial fibrosis ratio (%) Pre 19.9+5.8° 20.5+5.8° 18.616.2° 54+1.7
Post 13.844.4b4 15.5+3.55¢ 10.5£4.3%¢

Glomerular sclerosis ratio (%) Pre 6.3£8.5 8.1£9.3 2.6£5.8 1.4+3.1
Post 10.7£16.1 9.6+13.8 12.9421.7

ARB, angiotensin II type 1 receptor blocker; IgA, immunoglobulin A; GN, glomerulonephritis. Control specimen was obtained from
age-matched patients with minor glomerular abnormality. $p<0.05, ®»<0.01 vs. control value. $p<0.05, 9p<0.01 vs. pretreatment value.

the overall urea nitrogen level was not significantly increased.
Serum creatinine, IgA, Ccr, urinary NAG, and hematuria did
not change significantly with ARB treatment. Estimated
mean daily salt intake calculated by 24-h urinary sodium
excretions was 8.9+0.9 g/day before ARB treatment, and
8.6+0.3 g/day by time-averaged monthly 24-h urinary
sodium excretions during the ARB treatment in our subjects,
and there was no statistically significant difference in esti-
mated mean daily salt intake between before and after the
ARB treatment.

Histological Changes with ARB Treatment

The results of the global sclerosis index obtained by the two

nephrologists were identical, and the determinations of
whether or not the mesangial matrix expansion ratio and
interstitial fibrosis ratio were improved by ARB treatment in
each patient were also consistent between the two nephrolo-
gists. Although the global glomerular sclerosis ratio was not
significantly altered by ARB treatment (from 6.3£8.5% to
10.7£16.1%, p=0.33), the mesangial proliferation expansion
ratio (from 33.1+£10.8% to 22.7£7.8%, p=0.001) and the
interstitial fibrosis expansion ratio (from 19.9+5.8% to
13.8+£4.4%, p=0.034) were significantly reduced (Table 3
and Fig. 1). ARB therapy significantly improved these histo-
logical findings, i.e., the mesangial expansion ratio and inter-
stitial fibrosis ratio, in both IgA-GN and non—IgA-GN
patients.
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Fig. 1. Renal pathological findings at first (A) and second (B) biopsy (PAS-staining). A-1: Moderate expansion of the glomeru-
lar mesangial matrix. B-1: Glomerular changes in the second biopsy specimen in the same patient as in A-1 (original magnifica-
tion: x400). Note the significant reduction in mesangial matrix expansion after ARB treatment. Interstitial fibrosis (A-2, B-2)
has also showed significant regression by ARB treatment. A-2: The tubulo-interstitium at pre-ARB treatment,; and B-2: The tub-
ulo-interstitium after ARB treatment in a second biopsy specimen from the same patient as in A-2 (original magnification:

x100).
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Fig. 2. Mesangial matrix expansion ratio (A), and interstitial fibrosis ratio (B) of each patient. Pre, pre-treatment values, after,

values after ARB treatment.

Changes of the mesangial matrix expansion ratio and inter-
stitial fibrosis ratio in individual patients are demonstrated in
Fig. 2. Eight out of 10 patients with [gA-GN and all 5 patients
with non-IgA-GN showed improvements of mesangial matrix
expansion and interstitial fibrosis. Two patients with [gA-GN

failed to show any improvements of the histological parame-
ters. One was a 64-year-old man and the other was a 47-year-
old man. Their initial urinary protein excretion and 24-h Ccr
values were 0.30 g/day and 103.8 mL/min/1.73 m? and 0.31
g/day and 73.2 mL/min/1.73 m?, respectively, and their initial
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glomerular sclerosis ratios were 6.7% and 20.0%, respec-
tively. However, they clinically responded well to ARB treat-
ment, i.e., the urinary protein excretion decreased (from 0.30
g/day to 0.08 g/day, and 0.31 g/day to 0.03 g/day, respec-
tively) and 24-h Ccr improved (from 103.8 mL/min/1.73 m?
to 127.6 mL/min/1.73 m?, and from 73.2 mL/min/1.73 m? to
81.8 mL/min/1.73 m?, respectively) after ARB treatment.
Blood pressure control was acceptable (i.e., under 130/80
mmHg) in both patients during the observation period.

Discussion

Our study demonstrated that ARB therapy improved patho-
logical abnormalities, including mesangial matrix expansion
and interstitial fibrosis, in patients with mesangial prolifera-
tive glomerulonephritis. As far as we know, this is the first
evidence that ARBs can improve pathological abnormality in
human mesangial proliferative glomerulonephritis. These
pathological improvements due to ARB therapy were also
accompanied by significant reductions of blood pressure and
proteinuria.

Ten of our subjects had IgA nephropathy, which involves
immune-complex mediated renal injury. ARB monotherapy
achieved pathological improvements in 8 out of these 10
patients with immune-mediated renal injury. Because the
serum IgA levels did not change in these patients, non-
immune mechanisms, rather than immune-mediated mecha-
nisms, involved in IgA-GN may be the target of ARB ther-
apy. Two patients with IgA-GN did not show regression of
renal abnormalities. All of the clinical parameters in these two
patients, including proteinuria, microhematuria, 24-h Ccr,
and blood pressure, were improved by ARB monotherapy.
The glomerular sclerosis ratio also was not worsened by ARB
monotherapy in these two patients. Therefore, the reason why
pathological regression was not seen in these two patients
may have been the short duration of ARB treatment.
Although the mean duration of ARB treatment was 28.1
months in this study, it was only 14 and 16 months in these
two patients, so pathological regression may require a longer
treatment period.

The mechanism by which ARB achieves pathological
improvement of renal injury is thought to be due to blockade
of angiotensin II activity via the angiotensin type 1 receptor.
The diverse effects of angiotensin II on the kidney include 1)
promotion of glomerular capillary hypertension due to effer-
ent arteriole vasoconstriction (20, 21), 2) stimulation of trans-
forming growth factor-p (TGF-B) production by mesangial
cells and tubular epithelial cells (22—24), 3) stimulation of
matrix protein synthesis (23), 4) interstitial fibrosis (23, 206),
5) mesangial cell growth (27, 28), 6) changes of tubular epi-
thelial cell phenotype and tubulointerstitial cell kinetics (29),
7) cytokine release from renal cells (30), and 8) activation of
nuclear factor-kB (NF-kB) and increased monocyte chemoat-
tractant protein-1 (MCP-1) gene expression on mesangial
cells, leading to macrophage infiltration (70, 31, 32). These

actions of angiotensin II are known to be the common path-
way for several types of renal injury.

Whether regression of existing renal lesions, i.e., estab-
lished renal structural damages, can occur by ARBs is a very
important issue, because ARBs have been thought to improve
proteinuria through the alteration of glomerular hemodynam-
ics, and not through renal pathological improvements.
Although there have been few studies on this matter, evidence
for the regression of renal structural changes has recently
been reported. Ma et al. reported that ARB therapy caused
remodeling of glomerular sclerosis in aging rats (33).
Remuzzi et al. also found regression of renal morphological
changes by angiotensin Il receptor antagonist therapy in a
spontaneous overt nephropathy model (34). Although not in
the case of ARB, Aldigier et al. demonstrated regression of
existing glomerulosclerosis by inhibition of aldosterone in
5/6 nephrectomized rats (35). Direct evidence for the regres-
sion of renal injury in humans was reported by Fioretto et al.
in 1998 (36). They found that the changes of diabetic
nephropathy were reversed after pancreatic transplantation in
diabetic patients, although more than 5 years after transplan-
tation was needed (36). The mesangial fractional volume
(proportion of the glomerulus occupied by the mesangium)
decreased significantly from 0.33+£0.07 (baseline) to
0.27£0.02 (at 10 years after transplantation), mostly because
of reduction of the mesangial matrix. It seems that pathologi-
cal improvements occur after a longer period of time. Mor-
phological improvements were found after mean periods of
28.1 months. Therefore, early intervention with ARB therapy
may be important to improve histological damage.

Several limitations of this study bear mention. One was the
lack of a control group who were not treated by ARBs, which
may weaken our finding that ARBs were directly responsible
for the regression of pathological changes in human mesan-
gial proliferative glomerulonephritis. However, a follow up
of patients with biopsy-proven certain glomerulonephritis
without any treatment could not be allowed from an ethical
point of view. Our institutional ethical committee did not
allow us to have a prospective control study using a non-med-
icated control group. Other limitations were the wide range
for the timing of re-biopsy, the ARB variability, and the small
sample size. However, we believe that the findings obtained
in our preliminary study will provide new insight into the
action of ARBs, i.e., ARBs can regress the pathological dam-
ages not only in animal models but also in human mesangial
proliferative glomerulonephritis.

In conclusion, although the precise mechanism could not be
elucidated, we have demonstrated that ARBs could cause the
regression of renal pathological injury in patients with mild-
to-moderate mesangial proliferative glomerulonephritis.
ARB therapy modulates glomerular hemodynamics by dila-
tion of efferent glomerular arterioles to reduce glomerular
capillary hypertension, leading to the reduction of pro-
teinuria. Besides its hemodynamic actions, ARB therapy also
improved histological damages, including mesangial matrix
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expansion and interstitial fibrosis expansion, in patients with
mesangial proliferative glomerulonephritis. ARBs may have
antiproliferative and antifibrotic effects via inhibition of pro-
liferative and fibrotic cytokines such as TGF-B, as has been
shown in experimental animal models of glomerulonephritis.
However, the precise mechanisms involved in the regression
of renal pathological injury remain to be elucidated.

10.

11.

12.

13.

References

Lafayette RA, Mayer G, Park SK, Meyer TW: Angiotensin
II receptor blockade limits glomerular injury in rats with
reduced renal mass. J Clin Invest 1992; 90: 766-771.
Mackenzie HS, Troy JL, Rennke HG, Brenner BM: TCV
116 prevents progressive renal injury in rats with extensive
renal mass ablation. J Hypertens 1994; 12: S11-S16.
Kakinuma Y, Kawamura T, Bills T, et a/: Blood pressure—
independent effect of angiotensin inhibition on vascular
lesions of chronic renal failure. Kidney Int 1992; 42: 46-55.
Pollok DM, Divish BJ, Polakowski JS, Opgenorth TI:
Angiotensin II receptor blockade improves renal function in
rats with reduced mass. J Pharmacol Exp Ther 1993; 267:
657-663.

Brooks DP, Contino LC, Short BG, et al: A novel angio-
tensin II receptor antagonist and renoprotective agent. J
Pharmacol Ther 1995; 274: 1222—-1227.

Okada H, Suzuki H, Kanno Y, et al: Renal responces to
angiotensin receptor antagonist and angiotensin converting
enzyme inhibitor in partially nephrectomized spontaneously
hypertensive rats. J Cardiovasc Pharmacol 1995; 26: 564—
569.

Wu LL, Cox A, Roe CJ, et al: Transforming growth factor
beta 1 and renal injury following subtotal nephrectomy in
the rat: role of the renin-angiotensin system. Kidney Int
1997, 51: 1553-1567.

Ots M, Mackenzie HS, Troy JL, Brenner BM: Effects of
combination therapy with enalapril and losartan on the rate
of progression of renal injury in rats with 5/6 renal mass
ablation. J Am Soc Nephrol 1998; 9: 224-230.

Nakamura T, Obata J, Kimura H, et al: Blocking angio-
tensin II ameliorates proteinuria and glomerular lesions in
progressive mesangioproliferative glomerulonephritis. Kid-
ney Int 1999; 55: 877-889.

Wolf G, Schneider A, Helmchen U, Stahl RAK: AT-recep-
tor antagonists abolish glomerular MCP-1 expression in a
model of mesangial proliferative glomerulonephritis. Exp
Nephrol 1998; 6: 112—-120.

Nangaku M, Miyata T, Sada T, er al: Anti-hypertensive
agents inhibit in vivo the formation of advanced glycation
end products and improve renal damage in a type 2 diabetic
nephropathy rat model. J Am Soc Nephrol 2003; 14: 1212—
1222.

Perico N, Remuzzi A, Sangalli F, ef al: The antiproteinuric
effect of angiotensin antagonism in human IgA nephropathy
is potentiated by indomethacin. J Am Soc Nephrol 1998; 9:
2308-2317.

Russo D, Pisani A, Balletta MM, et al: Additive antiprotein-
uric effect of converting enzyme inhibitor and losartan in
normotensive patients with IgA nephropathy. Am J Kidney

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

393

Dis 1999; 33: 851-856.

Russo D, Minutolo R, Pisani A, et al: Coadministration of
losartan and enarapril exerts additive antiproteinuric effect
in IgA nephropathy. Am J Kidney Dis 2001; 38: 18-25.
Kuriyama S, Tomonari H, Tokudome G, et al: Antipro-
teinuric effects of combined antihypertensive therapies in
patients with overt type 2 diabetic nephropathy. Hypertens
Res 2002; 25: 849-855.

Lewis EJ, Hunsicker LG, Clarke WR, et al: Renoprotective
effect of the angiotensin-receptor antagonist irbesartan in
patients with nephropathy due to type 2 diabetes. N Engl J
Med 2001; 345: 851-860.

Brenner BM, Cooper ME, de Zeeuw D, et al: Effects of
losartan on renal and cardiovascular outcomes in patients
with type 2 diabetes and nephropathy. N Engl J Med 2001;
345: 861-869.

Parving HH, Lehnert H, Brochner-Mortensen J, et al: The
effect of irbesartan on the development of diabetic nephrop-
athy in patients with type 2 diabetes. N Engl J Med 2001,
345: 870-878.

Usta M, Ersoy A, Dilek K, et al: Efficacy of losartan in
patients with primary focal segmental glomerulosclerosis
resistant to immunosuppressive treatment. J Intern Med
2003; 253: 329-334.

Yuan BH, Robinette JB, Conger JD: Effect of angiotensin II
and norepinephrine on isolated rat afferent and efferent arte-
rioles. Am J Physiol 1990; 258: F741-F750.

Takenaka T, Suzuki H, Fujiwara K, et al: Cellular mecha-
nisms mediating rat renal microvascular constriction by
angiotensin II. J Clin Invest 1997; 100: 2107-2114.

Wolf G, Mueller E, Stahl RAK, Ziyadeh FN: Angiotensin
[I-induced hypertrophy of cultured murine proximal tubu-
lar cells is mediated by endogenous transforming growth
factor-f. J Clin Invest 1993; 92: 1366-1372.

Kagami S, Border WA, Miller DE, Noble NA: Angiotensin
II stimulates extracellular matrix protein synthesis though
induction of transforming growth factor-f expression in rat
glomerular mesangial cells. J Clin Invest 1994; 93: 2431—
2437.

Wolf G, Ziyadeh FN, Zahner G, Stahl RAK: Angiotensin
[I-stimulated expression of transforming growth factor beta
in renal proximal tubular cells: attenuation after stable
transfection with the c-mas oncogene. Kidney Int 1995; 48:
1818-1827.

Mezzano SA, Ruiz-Ortega M, Egido J: Angiotensin II and
renal fibrosis. Hypertension 2001; 38: 635-638.

Border WA, Noble NA: Interactions of transforming
growth factor-B and angiotensin II in renal fibrosis. Hyper-
tension 1998; 31: 181-188.

Wolf G, Haberstroh U, Neilson EG: Angiotensin II stimu-
lates the proliferation and biosynthesis of type 1 collagen in
cultured murine mesangial cells. Am J Pathol 1992; 140:
95-107.

Gomez-Garre D, Ruiz-Ortega M, Ortego M, et al: Effects
and interactions of endothelin-1 and angiotensin II on
matrix protein expression and synthesis and mesangial cell
growth. Hypertension 1996; 27: 885-892.

Kobayashi S, Moriya H, Nakabayashi I, et al: Angiotensin
and IGF-1 may interact to regulate tubulointerstitial cell
kinetics and phenotypic changes in hypertensive rats.



394

30.

31.

32.

Hypertens Res Vol. 31, No. 3 (2008)

Hypertens Res 2002; 25: 257-269.

Ruiz-Ortega M, Ruperez M, Lorenzo O, et al: Angiotensin
II regulates the synthesis of proinflammatory cytokines and
chemokines in the kidney. Kidney Int 2002; 82: S12-S22.
Ruiz-Ortega M, Bustos C, Hernandez-Presa MA, et al:
Angiotensin II participates in mononuclear cell recruitment
in experimental immune complex nephritis through nuclear
factor-xB activation and monocyte chemoattractant protein-
1 synthesis. J Immunol 1998; 161: 430-439.

Lee FTH, Cao Z, Long DM, et al: Interactions between
angiotensin II and NF-kB—dependent pathways in modulat-
ing macrophage infiltration in experimental diabetic
nephropathy. J Am Soc Nephrol 2004; 15: 2139-2151.

33.

34.

35.

36.

Ma LJ, Nakamura S, Whitsitt JS, er al: Regression of scle-
rosis in aging by an angiotensin inhibition-induced decrease
in PAI-1. Kidney Int 2000; 58: 2425-2436.

Remuzzi A, Gagliardini E, Donadoni C, et al: Effect of
angiotensin II antagonism on the regression of kidney dis-
case in the rat. Kidney Int 2002; 62: 885-894.

Aldigier JC, Kanjanbuch T, Ma LJ, et al: Regression of
existing glomerulosclerosis by inhibition of aldosterone. J
Am Soc Nephrol 2005; 16: 3306-3314.

Fiorreto P, Steffes MW, Sutherland DE, et al: Reversal of
lesions of diabetic nephropathy after pancreas transplanta-
tion. N Engl J Med 1998; 339: 69-75.



	Pathological Regression by Angiotensin II Type 1 Receptor Blockade in Patients with Mesangial Proliferative Glomerulonephritis
	Introduction
	Methods
	Patients
	Laboratory and Clinical Parameters
	Histological Evaluation
	Statistical Analysis

	Results
	Patients
	Effects of ARB Treatment
	Histological Changes with ARB Treatment

	Discussion
	References


